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PREFACE 


Among the interesting projects under research and de¬ 
velopment at the Sylvania Electric Research Laboratories is 
that of the traveling wave tube amplifier. This work is be¬ 
ing undertaken at the Flushing Laboratories in New York in 
accordance with Navy Contract No, N0bsr39l60 dated, 20 June 
1947 o 

The work described in this paper was accomplished at the 
above location during the months of January, February and March 
of this year, 1943, 

The basic reasons for my entry into the struggle against 
one of the many problems associated with the traveling wave 
tube is contained in the introduction to follow. The specific 
reason for this work is the need for a transducer that will 
efficiently couple a transmission system to the traveling 
wave tube amplifier throughout a bandwidth of a thousand mega¬ 
cycles at the mean frequency of three thousand megacycles. 

In connection with this work, I am grateful to the 
Sylvania Electric Products Inc, for the opportunity to be 
associated with their fine organization and for the privilege 
of using their laboratories. Personally I owe my deepest 
thanks to Dr, R. Hutter for his valuable time used in dis¬ 
cussing this problem. Likewise I wish to especially thank 
Mr, E. W. Burke and Mr, L. C. Eisaman for their generous 
assistance in the laboratory. There are others employed by 
Sylvania, for example Mr, P, F, Riggio, to whom I am indebted 
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for valuable advice in regard to maohine worki while others 
assisted in different ways, and to them all I wish to again 
tender my thanks* 


Stewart IV. Swacker 
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INTRODUCTION 


Electronic engineers have long been working toward broad 
band amplifiers. The last war with the advent of Radar and 
new types of spectrum analysers and many other types of new 
electronic equipment have pushed the demands for broad band 
amplifiers to the limit. Television, the new radio links, 
and any other types of systems that require the amplification 
of a great amount of information has made the commercial de¬ 
mand for broad band amplification acute 0 But of particular 
interest to me is the problem of perusal of the expanding 
spectrum for the purposes of countermeasures; here broad 
band amplification is essential. With the prospect of being 
on the receiving end of guided missiles and a frequency range ' 
of thousands of megacycles available to the enemy to guide 
them, the need for search of the spectrum in as large a band 
of frequencies as is possible is evident. 

Thus when Rudolph Kompfner proposed the development of a 
new type amplifier that did not depend upon resonant systems 
to obtain amplification, a world wide interest was immediately 
shown. This amplifier obtains its advantage over the con¬ 
ventional amplifier or the Klystron type in that the electrons 
are subject to interaction with the fields over a much longer 
period of time. That is, in the conventional tube the fields 
of the grid modulate the electrons in a single passage. In 
a Klystron a similar action occurs but after the electrons 
have obtained their energy. Now in this amplifier the electron 
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beam and a traveling field progress together at about the same 
velocity interacting with one another for a number of wave¬ 
lengths* The conventional broad band amplifier consists of 
a number of stages each with a re&sonant system tuned to a 
different frequency* In the traveling wave tube the whole 
band is amplified in a single envelope, and in the microwave 
region as much as thirty percent of the center frequency has 
been amplified with a gain of ten d*b* 

Such a tremendous bandwidth introduces many problems, not 
least among which is that of transmissions of the energy with¬ 
out reflections at the input and output terminals of the ampli¬ 
fier* In this paper we will first consider what the best 
approach is-to this problem; then having arrived at an answer, 
we will develop a technique for solution. Finally demonstrat¬ 
ing this technique with actual examples, we will indicate im¬ 
provements that may ultimately lead to a best solution* 
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CHAPTER I 


THE HELIX-WAVE GUIDE MATCHING PROBLEM 

Now that the reasons for my enthusiasm over the general 
development of a traveling wave tube have been expressed, it 
may be well to restate the scope of my specific problem. The 
problem is to design a transducer that will permit the trans¬ 
mission of microwave energy, with a minimum of reflection 
throughout a bandwidth of 1,000 Mcs., to a wire helix of 
about 3/8” diameter wound from No. 30 copper wire with twenty 
turns per inch. The frequency limits within which the trans¬ 
ducer must operate are from 2,000 to 4*000 Mos. 

1. Additional Limiting Considerations. 

Though nothing has been said as yet in the specifications 
as to the nature of the transmission system to which the helix 
will be matched, the following consideration will require it 
to be a rectangular wave guide. 

The physical construction of the traveling wave tube 
requires that the electron beam travel along the axis of the 
helix; thus the electron gun must lie along that axis. In 
order to couple to the helix at its termination, the trans¬ 
ducer must be between the helix and the electron gun. For 
effective coupling, another requirement is that the trans¬ 
ducer must lie within the maximum field to which it is 
coupled. Hence circular wave guide or coaxial conductors are 
unsuitable, for when one visualizes placing the electron gun 
inside the guide or expanding the coaxial line to include it 
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in its center conductor, it is obvious that a simpler arrange¬ 
ment is desired. This arrangement is obtained by placing the 
tube through a rectangular guide so that the gun is below the 
bottom face and the transducer extends through the top face. 
Then too, if there are any advantages connected with the 
cylindrical fields, they may be utilized by existing coaxial- 
rectangular wave guide transducers with the tube arrangement 
as above. 

Unless it beoomes apparent in our study of the problem 
that there is some advantage in using some mode other than 
the TE 10 , this mode will be specified* 

2. The Basic Fields To Be Matched 

With these minimum limitations on the scope of the prob¬ 
lem, let us examine the nature of the fields that we wish to 
couple together. Unfortunately the exact solution to the prob 
lem of fields in a helix is not yet solved, however an approx¬ 
imation, based on a helical conducting sheath of infinitesimal 
thickness on which the current is restricted to flow in the 
helical direction only, is solved^. Furthermore, an experi¬ 
mental determination of the fields was made by C. C. Cutler** 

A diagram of these fields is given in Fig* 2, while in Fig* 1 
the fields of the rectangular wave guide TE^q is given. 

3* Appraisal Of Solution In Electromagnetic Wave Theory 
To a more experienced engineer in electromagnetic wave 

#J.R.Pierce, "Theory of the beam-type traveling-wave tubes," 
Proc.I.R.E*,vol*35,pp*111-123; February 1947• 

*C.C.Cutler,"Experimental Determination of Helical Wave 
Properties,"Proc.I.R.E., vol•36,pp*230-233jFebruary 1948* 
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Fig. l*r Field configuration 
of the TE^q mode in rec¬ 
tangular wave guide. 


Fig. 2-Field configuration 
around a helix. 
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Fig. 3-Electric field strength around a helix, 
lines are theoretical and the ooints are experiments . 
The probe was moved between turns, to the ri e Tht, ana • 
ly opposite a turn of wire at the left. 
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theory, the question of approaching this transducer problem 
on the basis of a rigorous solution of Maxwell*s equations 
and the assignment of the required boundary conditions to 
bring about the required match may be evident; but to the 
author, considerable study of the literature and an ample 
amount of thought was required to arrive at a negative 
answer* The most simple sort of discontinuities in wave 
guides results in extreme complexity when subjected to a 
field analysis. This problem would first require an exaot 
solution of the fields of the real helix, for the end 
effects are dependent upon a finite thickness of the con¬ 
ductor* Then there would be an infinite number of solu¬ 
tions in order to synthesize a transducer that would match 
these fields over a contour* Now finally, add to this the 
problem of broad banding and it is apparent that this approach 
is not reasonable* 

4« Solution By Qualitative Reasoning And Experiment 

If synthesis of a transducer whose boundary conditions 
are such as to bring about a match between the fields of the 
helix and wave guide is too oomplex, the next best procedure 
is to make a qualitative analysis of the fields and ourrents 
associated with the two wave guides and design experimental 
transducers for testing. At worst, this method, if pursued 
long enough, should reveal an empirical design that closely 
approximates the correct answer* 

Therefore, returning to the results of Cutler's experiment, 
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the following faots he obtained may be of use: 

1. It was found that the electromagnetic field clings 
very closely to the helix. The energy is effectively 
trapped, or guided, by the circuit and there is no 
tendency of the helix to radiate. 

2. Within the helix, the fields are predominantly 
longitudinal. 

3. The'radial and longitudinal fields tend toward 
equality at points distant from the helix. In fact, 
for waves propagating much slower than the velocity 
of light, the field at a distance outside the helix 
may be represented approximately by a circularly 
polarized wave traveling with the velocity of light 
in a helical path with the same pitch angle as the 
helix. 

4# At high frequencies the wave progresses with a 
velocity such as might be explained approximately as 
that of a wave following the helix at the speed of 
light• 

Fig. 3, also from the same report, is the plot of the electric 
field strength and serves as an excellent illustration of the 
first three facts. 

Though the first three faots may be of value in consider¬ 
ing the interaction of the fields of the helix and the trans¬ 
ducer, his finding numbered 4 is of paramount importance in 
the transducer basic design. That is, in knowing that the 
basic field is that of a traveling wave with the velocity of 
light, and that it adheres to the helical conductor, our 
problem is resolved into exciting the end of the helix rather 
than attempting to match the fields in the dielectric by pre¬ 
scribing all the boundary conditions. In a certain sense, 
one might argue that excitation of the end of the helix and 
selection of boundary conditions to being about this result 
are one and the same, however the former thought limits our 
concern to the helical conductor alone, while the latter in¬ 
cludes the surrounding boundary conductors. This may seem 
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like a dangerous limitation; for obviously, whatever the 
nature of the transducer it must come into a close union with 
the wave guide and the boundary conditions will alter the 
fields* 

However as pointed out in Cutler’s finding numbered 1 
and 3, and illustrated in Fig. 3* the effects of the boundary 
conductors on the fields of the helix are negligible down to 
a very dose approach to it; so in our thinking, the trans¬ 
ducer will include these boundaries and the foremost con- 
sideration will be to obtain a transducer whose output is a 
wave traveling at the speed of light and guided by a single 
conductor. 

Two cases suggest themselves: 1. The attachment of the 
helix directly to a transducer that is integral with the sur¬ 
face of the wave guide. 2. The attachment of the helix to 
a conductor that later forms the transducer; or what is the 
same thing, extension of the helix in a taper until it 
attaches to the transducer. In the former case we may think 
of the transducer as a current generator directly attached 
to the helix; while in the latter case a transmission line 
is inserted between the two. 

It can be shown# that for a perfect cylindrical con¬ 
ductor embedded in an infinite homogeneous dielectric, prop¬ 
agation of an external transverse magnetic wave traveling 

#J.A.Stratton, "Electromagnetic Theory," McGraw-Hill, pp. 
524-537; 1941. 
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with the velocity of light may occur. This wave, which in 
itself is unique for a single cylindrical conductor, is the 
guided wave we wish to connect to the end of the helix. How¬ 
ever, it is equally clear that a pure wave of this description 
cannot be obtained in the proximity of the flat surface of 
the wave guide, the conditions of an infinite dielectric 
are violated. Also to this effect we must add a radiation 
factor, for until the conductor becomes a helix of sufficient 
length to produce cancellation of the radiation fields, the 
single conductor will radiate® 

Such may be shown by drawing a helix above a conducting 
plane as illustrated in Fig. 4, and then considering the 
effects as is done in image antenna problems. The metal 
boundary plane will require that opposite charges are placed 
an equal distance below the plane while the vertical component 
of current is of the same sign and the horizontal component 
is of opposite sign. As is shown in this figure, the result¬ 
ant image helix has the opposite pitch to that of the real 
helix. Thus the condition for no radiation, a continuous 
helix without end effects, is impossible to obtain. The radi¬ 
ation that will result may be described approximately as that 
of an elementary current loop with its axis tilted to the 
conducting plane, plus the radiation from the tapered section 
if it is included. Slater# gives for the input impedance to 

§ J.C.Slater, "Microwave Transmission," McGraw-Hill, pp. 
232-234; 1942. 
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a loop the approximate value: 

-A 

M. 

which for the 
are: ~f 

zooo 

The second term represents the radiation resistance, and 
though it increases at the rate of the fourth power of the 
frequency; for the conditions we have specified, it is small 
compared with the inductive reactance given by the first term* 
Of course we must reoognize that the loop assumption is 
quite a departure from a helix with a long taper, but as a 
matter of qualitative interest, for matching purposes this 
value should be indicative of the sort of impedance with 
which we are working. Along this line of thought, it may be 
worth mentioning that the impedance of a single wire con¬ 
ductor at this frequency is very nearly that of the intrinsic 
impedance of the dielectric. However before the single wire 
becomes a conductor, its proximity to the wave guide will 
introduce some capacitive reactance. 

5. The Transducer Types Considered* 

The above considerations, though not productive of any 
concrete answers to the problem, do qualify it somewhat and 
will assist in the experimental design of the transducers. 
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Fig. 5 Junction b^ween circu¬ 
lar & rectangular wave guide, 
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Fig. 8 Su8C«ntance of probe in rectangular wave guide. 
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But before considering any specific designs, an examination 
of the principles upon which the coupling of energy to or from 
a wave guide is based will be helpful. They are: 

1. Introduce the excitation in a probe or antenna which 
is placed at the point of maximum electric field, or oriented 
in the direction of the electric field. 

2. Introduce the excitation through a loop which is 
placed at the point of maximum magnetio field, the plane of 
the loop being normal to the magnetic field. 

3. Introduce currents from transmission lines or other 
sources in such a manner that the desired current directions 
in the guide walls are foroibly excited. 

4. For higher order waves combine as many of the excit¬ 
ing sources as are required with proper phasing. 

Scans of the common types of rectangular wave guide 
transducers that evolve from the above principles are described 
and illustrated in the following few paragraphs. Only the 
types that are directly applicable to our problem are given, 
and a qualitative discussion as to their relative worth is 
included. 

The Window Type as illustrated in Fig. 5 couples the TB 10 
of the rectangular guide to a TMqI tlie circular guide. If 
this type is used with the helix, it would be necessary to 
give the helix a radial taper to bring it down to the dimen¬ 
sions specified. If the diameter of the circular guide is 
less than that required to support the TM 01 mode, it would 
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act more like a leak in the guide and the higher order waves 
set up would suffer rapid attenuation* However if the field 
is intensified at this window and the helix is directly 
coupled to its periphery, excitation of the helix should be 
obtained* 

The Loop Type, as illustrated in Fig* 6, to effectively 
couple to the guide, must couple to a maximum magnetic field, 
and this is most effectively accomplished by installing it 
in the shorted end of the guide. A fair bandwidth was ob¬ 
tained by using a heavy conductor and the above mentioned 
location^, however this end-on arrangement cannot be used 
with the traveling wave tube, and the requirement that the 
loop must be short compared with a quarter wave at the short¬ 
est wave length to be matched, would indicate that it may be 
difficult to get an efficient match* 

The Probe or Antenna Type, illustrated in Fig. 7, 
couples to the electric field and is one of the most common 
types. Investigation of its impedance characteristics has 
been made by the Sperry Gyroscope engineers^, and their re¬ 
sults are shown in Figo 8. The Radiation Laboratory at the 
Massachusetts Institute of Technology made an investigation 
of the broad band characteristics of this type of transducer 
when coupled to coaxial lines of various diameters, and found 
that it had greater bandwidth capabilities than any of the 
other types they investigated^. However they restricted its 

#"S-Band Coaxial Line to Rectangular Wave Guide Transitions," 
Report 802, Radiation Laboratory, MIT, Dec.7,1945* 

#"Microwave Transmission Design Data," Sperry Gyroscope Company, 
Inc., Publication No. 23-80. 1944. 
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use because of its mechanical construction and the difficulty 
in maintaining its position accurately enough to take advant¬ 
age of the bandwidths possible. They were able to obtain a 
40# bandwidth with a VSWR of less than 1.4* As the probe 
type of coupling is now being used in the traveling wave 
tube narrow band operational tests, it would seem that broad¬ 
banding of this type should definitely be investigated. 

The Post type, illustrated in Fig. 9a, is also of the 
electric field couplihg class. With nothing connected to it, 
it has a susceptance plot as shown in Fig. 9b. Now if we 
are to connect a conductor from the post to the helix, our 
operation will be limited to the inductive region. In the 
Radiation Laboratory experiments a door-knob type post gave 
the best results; however it was found that close adherence 
to dimensions in manufacture was necessary; this finding 
may be verified by examination of the susceptance plot, for 
the rate of change of susceptance with a small change of 
post height is large. More recently S.B. Cohn^ has develop¬ 
ed a transducer of the post type that will match a coaxial 
line to a wave guide with a VSWR of less than 1.5 over a 
bandwidth greater than 30#. This type of transducer would 
lend itself to relatively simple tube construction, for the 
post could be formed as the stack of the electron gun, and 
by making a diso seal at its base, it could be accurately 
seated in the face of the wave guide so that the critical 

# S.B. Cohn, "Wave-Guide-to-Coaxial-Line Junctions," Proc. 

I.R.E., vol. 35, pp. 920-926; September, 1947. 
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dimensions were assured. The post type should be investigated. 
Finally the Cross Bar type, illustrated in Fig, 10, may 
have some possibilities; for the Radiation Laboratory found 
that its bandwidth coupling was slightly better than the 
post type. Since Cohn has improved on the post type by the 
addition of a transformer, it is doubted that the cross bar 
type is still the better. The Radiation Laboratory got 
slightly better than a 20% bandwidth for a VSWR or 1,4 
using the cross bar. No characteristic susceptance plots 
of it was found, but the horizontal bar will cause a capac- 

given by the following formulae: 

and the vertical connecting post is 

also capacitive, 

A review of the above paragraphs will launch us into 
the next chapter with the following thoughts in mind: An 
experimental method of testing the probe, post, and cross¬ 
bar type of transducer must be devised. The loop and window 
type transducers are probably not worth the investment of 
time for experimentation. We should expect the external 
part of the transducer to be inductive and have a small 
amount of radiation. The internal impedance of the trans¬ 
ducer types exclusive of the wave guide shorting plunger 
should be: 1. Post-inductive; 2. Prob-capacitive: and 3, 
Cross-bar-capacitive• 


itive susceptan 
-p= ^ ^ 


Z ft (r 
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CHAPTER II 


THE EXPERIMENTAL SOLUTION TO THE MATCHING PROBLEM 

In the last chapter we considered some of the factors that 
should influence the design of a transducer for matching the 
helix to the rectangular wave guide; it now remains to design 
a test equipment suitable for experimental determination of 
the best transducer. 

1. Test Equipment Requirements 

Before becoming specific, there are two general con¬ 
siderations that should be listed as they must influence all 
other requirements. 

1, Flexibility is the basic principle in the design of 
a piece of test equipment for a problem such as this, wherein 
so little Is known of the ultimate result. With at least 
three different types of transducers to be tested, and with 
each of these transducers many parameters that may be varied, 
it becomes obvious that ease of variation in the equipment 
must be a first canon, 

2, Not exactly subordinate to this first requirement 
is that of ease of operation; for in a 'long-haul* series 
of tests under the pressure of limited time, one can become 
rather loath at some very minor operation he has to perform 
clumsily. The added investment of a direct reading index 
opposite a scale in lieu of a thousand measurements by hand 
may pay heavy dividends in overall time. 
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In a degree, the mention of these two principles firist 
represents some hind-sight; for as will be seen in the equip¬ 
ment I designed, they took second place to other considera¬ 
tions in some instances. But to continue with the specific 
requirement of the equipment, they are: 

1* A stable frequency source that is continuously 
variable between the frequency limits of 1,5 KMC. to 4.5 KMC. 
and that may be modulated with an audio signal. 

2. A frequency meter to cover the above range. 

3. A waveguide that will support transmission over this 
broad frequency range. 

4. A directional coupler connected to an indicator to 
give a quick indication of reflected energy. 

5* A broad band type sliding probe and a slotted wave 
guide for fairly accurate SWR indication. 

6. A transducer section of waveguide with the following 
variables, a. Sliding short circuit termination with index 
to indicate distance of short from axis of transducer. 

b. Removable upper face of waveguide to permit 
easy installation of the various transducer types. 

c. Ridges of various heights to permit variation 
of wave guide impedance. 

d. Samples of each of the types of transducers 
to be tested. 

* 

7. A helix terminated in a lossy end to eliminate re¬ 
flections. 
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2. Test Equipment Design 

Perhaps this section should be introduced with the state¬ 
ment that the shortage of time and Sylvania's crowded shop 
schedule coupled with the author’s inexperience in the mechan¬ 
ical design of such equipment resulted in a production that 
had some short-comings. At any rate, fortunate for the time 
element, only the waveguide section had to be designed, and 
at that, part of the probe, though it was of the tunable 
variety, was also available. See illustration I in envelope. 

Thus we come to requirement number three, a wave guide 
that will support the TE^q mode over a frequency range of 
2,000 KMC. to 4,000 KMC. As the standard 1^X3" waveguide 
suffers cutoff above the lower value and interference by 
higher moding below the upper value, a loaded type wave 
guide must be resorted to. S.B. Cohn recently published 
design curves for ridge waveguides*. It was shown that this 
frequency range can be easily obtained without interference 
from higher moding; so this part of my problem was fairly 
simple, and his work on junctions previously mentioned 
solved the problem of feeding the guide over this broad 
band. 

The adaptation of the probe to my needs consisted only 
in the mechanical problem of mounting it in guides with 
spring tension so that it would travel freely with a constant 

*S.B. Cohn, "Properties of Ridge Wave Guide," Proc. 3RE,vol 
35, pp. 783-786. August 1947. 
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clearance to the milled surface of the slotted section. 

Racks and pinions were added to provide positive controlled 
drive, and the spring action forcing the pinions into the 
rack eliminated back-lash. It was quite satisfactory! 

The design of a directional coupler in accordance with 
the principles laid down in "Very High Frequency Techniques”* 
likewise resolved itself into machine-shop work and some bench 
adjustments. As pointed out in the subject reference, the 
problem of bringing in coaxial cables to form the loop with¬ 
out the usual reflections associated with most connectors was 
of first importance. We solved it by drilling a 2" piece of 
l£" brass stock with two holes of the same diameter as that 
of the dielectric in the coaxial cable and set at a five de¬ 
gree angle with the axis of the stock. This permitted the 
holes to be sufficiently close together at one end of the 
stock to provide a small loop when the center conductors were 
soldered together; while at the other end, the holes were 
sufficiently separated to permit the use of part of a stand¬ 
ard N type connector to bring the outside conductor of the 
coaxial cable flush with a recess in the stock. The stock, 
of course, had a press fit into the top face of the wave guide, 
and it was located close enough to a flange to permit solder¬ 
ing and adjustment of the loop. A few adjustments of the loop 
with a Z q termination in the guide afforded zero indication in 

*H.J. Reich, Editor, "Very High-Frequency Techniques," Vol. II, 
PP 595-599. McGraw-Hill Book Company, 1947* 
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the arm toward that termination, while a slight mismatch caused 
indication; hence the directional coupler operated properly. 

To provide for ease of access to the interior of the 
transducer test section and to permit a maximum of flexibility 
in the type of transducer that could be tested, it was decided 
to cut a large circular opening in the top of the wave guide 
and to fit a flange over the hole thus provided, see Fig. 11(a). 
This flange was to have a threaded cylinder onto which could 
be screwed a union type nut and into which could be placed a 
disk that came flush with the inside of the guide when secured 
by the union nut and a ring. Thus by the removal of the nut, 
the interior of the transucer section was available. 

From the axis of the transducer to the end of the wave 
guide there was provided over a half wavelength of space through 
which the shorting plunger could be moved. Its position was 
accurately controlled by a screw through the end plate of the 
waveguide, see Fig. 11(b). Two shorting plates with wiping 
finger contacts were made, one to fit the wave guide without 
any ridge structure and one for a ridge of a fixed height. 

The ridges used in the transducer section are illustrated 
in Fig. 12(a). The one in the upper left corner was used only 
for testing the directional coupler, while the other three 
were designed to provide variable impedances before and after 
the transducer axis. The curved portion of the ridges is 
made to match to the ridge in the slotted section. The holes 
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(a) Union, type wave guide fitting, (b) Short 
ger, (c) Helix Load, (d) Helix. 













































through the ridges are to provide for the post. 

Also in this illustration are shown the plug (b) for 
filling the hole when the short minimum reference is being 
obtained and the post height index (d) for setting the post 
height. The Zq termination for the wave guide is shown in 
(c). 

In Fig. 13 are illustrated only two of the different 
types of transducers heretofore mentioned, and only one of 
these is of the type our analysis revealed to be more likely 
of success. Therefore to digress for a line or two, an ex¬ 
planation will be offered. It was originally intended to test 
all of the likely transducer types, but estimations as to time 
required to build and test this equipment were slightly on the 
optimistic side. As a consequence, when a sufficient amount 
of material was available to commence the tests, they were 
begun and before the need for the additional types arose my 
time was up. But back to Fig. 13, the upper part of the page 
displays the post type transducers with the associated washers 
and sleeves to permit variation of the post in height, diameter, 
and shape. While at the bottom of the page are the window 
types. The transparent material is polystyrene. The cylinders 
were used as shields where the transducers left the guide. 

Finally, the only items left in this design, are those 
shown in Fig. 11, (d) and (o), the helix with post attached 
and the aquadag attenuator respectively. Though the picture 
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does not show it, the glass tube containing the helix has a 
longitudinal slot cut in it to permit a relative measure of 
the power traveling down the helix. The attenuator was 
formed from a drawn piece of glass painted with a aquadag and 
baked, 

3. The Matching Technique 

Up to this point we have considered the matching problem 
and decided on an experimental solution. The various types of 
transducers have been classified and evaluated, and an experi¬ 
mental set-up has been designed with sufficient flexibility 
to permit testing of the effect of the various components. 

Now let us consider how we can utilize this information and 
material to the best result., 

The three basic facts we may obtain in the use of the 
above equipment are: 

1. The voltage standing wave ratio. 

2. The wavelength in the wave guide. 

3. The location of the minimum with reference to a 
known distance from the discontinuity. 

As in all transmission line problems this Information is 
sufficient to permit the determination of the impedance of 
the discontinuity in terms of the characteristic impedance 
of the line. Furthermore, through the use of impedance 
circle diagrams one may very easily find the phase of the 
wave at any point toward the generator<> For our purposes 
the Smith-Chart type of admittance diagram will be used. 
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for it presents the data as values of conductance and sus- 
ceptance normalized. That is, by normalizing the admittance, 
one may more easily observe the variations in the magnitude 
and phase of the standing waves associated with a changing 
parameter. Fig, 14> which is a plot of the admittances 
referred to the axis of the post of the transducer, illus¬ 
trates this point rather well. The solid lines are lines 
for constant post height while the dotted lines are for 
constant short setting. In addition to information as to 
the effect of variation of these two parameters on the 
match, a relative idea of the amount of change Is displayed. 
Hence one-may be able to specify tolerances in the manu¬ 
facture of the parts. 

This, however, is a quality study rather than a solution 
to the broad banding problem; so let us return to a study 
of how the display of the above information on the Smith- 
Chart will give us a simple way to a solution. Perhaps, 
thinking in terms of what must take place at the junction 
to produce a matched response to the incident waves is a 
more simple approach. That is, suppose we think of a wave 
of any frequency within this band being incident upon the 
transducer; a reflection will occur (except at that single 
frequency of perfect match) which will be characterized by 
a certain standing wave ratio and a certain phase. Let 
this admittance be referred to the axis of the transducer 
and be plotted on the Smith-Chart as point A in Fig,15; 
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then using the guide wavelength for this wave, let us refer 
the admittance to a plane in the wave guide where it has the 
same value of conductance as that of the wave guide* That 
is, let it fall on the unity conductance circle, point A’* 
Now it is clear that by the introduction of the proper val¬ 
ue of susceptance at this point in the wave guide, a can¬ 
cellation of the susceptive component of the admittance will 
be accomplished and no reflection will occur toward the gen¬ 
erator* For this case it may be simply done by the intro¬ 
duction of an inductive iris, and is shown accomplished at 
point A"* 

Then if the admittance function is arranged so that 
the SWR increases slowly with wavelength and the phase 
angle decreases with wavelength (points B and C), then by 
rotation of these points by an amount that is equal to the 
distance in wavelengths that the iris was placed from the 
transducer axis, a broad-banded match is obtained* That is, 
by taking advantage of the difference in guide wavelength 
one may arrange the admittance funotion so that upon travel¬ 
ing a certain physical distance down the wave guide, the 
phase of the band of frequencies will be the same at this 
plane and will be wholly conductive* Then if the spread 
in magnitude of the VSWR varies directly with guide wave¬ 
length, the inductive iris susceptance placed in this plane 
will transform the function to a very small area centered 
at the unity standing wave ratio* This latter requirement, 
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a spread In admittance is obvious when one examine the ex¬ 
pression for the inductive iris, B = ; for the 

susceptance it introduces varies directly with guide wave¬ 
length. 

Using the same reasoning as above, one may show that 
the admittance function may also lie on the positive suscept¬ 
ance side of the chart; but in this case, the.SWR of the 
longer wavelengths must be less, for the capacitive iris 
varies inversely with guide wavelength. These are not only 
two possibilities either, for the distribution of the ad¬ 
mittance function may be such as to require a half wave¬ 
length or more to bring the phase of the admittance together 
at a single plane. In fact, after one studies this method 
a while, it becomes apparent that when the initial mismatch 
Is large the rotation is small, and more of the spread is 
taken up by the iris; while if the initial mismatch is small, 
the spread must be taken up by rotation. 

4. The Solution To The Problem 

Thus with the general method of admittance matching 
described above, let us consider how we are to take, record 
and analyze the data. Upon completion of the construction 
of the test equipment there remained only about two weeks 
to test the equipment and perform the experiments. Therefore, 
only an attempt to obtain sufficient data for future analysis 
was made. With this in mind the data sheets and the method 
of recording was arranged to permit the maximum facility 
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In obtaining as much data as possible in the time available. 
Thus the advantage of experimentation, analysis, revision of 
the set-up and re-experimentation was lost* At any rate, a 
maximum amount of data was taken in the time available by 
using the following procedure: 

(a) Set up the equipment with all four parameters, 
(short distance, ridge height, post height and post diameter) 
fixed and take the standing wave ratio and the phase of the 
admittance• 

(b) Hold the frequency constant and then in turn 
vary each of the two parameters, short distance, and post 
height individually recording in each case the above data* 

(c) Shift frequency by 100 Mcs and repeat the above 
two operations. 

(d) Continue this process until the band from 2400 
Mcs to 3800 Mcs has been recorded. 

(e) Change the ridge height and reperform steps (a) 
through (d) for the new ridge height; then once again change 
the ridge height repeating the same procedure for the third 
value of ridge height. 

(f) Finally with a given set of conditions reperform 
one of the above runs with the post diameter changed, first 
to a larger diameter and then to a smaller one. 

As this data is rather voluminous and can be of value 
only to the Sylvania Electric Co., it will not be repro¬ 
duced for this report; thq_original will be returned to 
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the Sylvania Electric Co. The form in which the data will 
he presented here is in admittance plots. Fig. 16 -- 31• 

Fig. 16 through 20 illustrate the change of admittance 
with variation of the post height. An examination of the var¬ 
iation between curves of the same frequency on any two of 
these diagrams will reveal the variation of a second or 
third parameter: short distance setting or ridge height setting* 
For example take Fig. 16 and 18. For any given frequency 
curve, all of the parameters are the same except shorting 
plunger distance setting. It is apparent that for this ridge 
height, the short distance is not very critical, for little 
change occurs between the two sets of curves. On the other 
hand; if we take Fig. 16 and 19 and compare them, we find 
that a difference in ridge height has a considerable effect 
on the admittance function. In Fig. 19 the amount of stand¬ 
ing wave ratio has decreased for all values of post height, 
and the phase has increased with frequency over the whole 
band instead of increasing up to a center frequency and then 
decreasing again as it does in Fig. 16. 

Thus the general trends in the variation of the admittance 
functions with changing parameters, are obtained from the fig¬ 
ures 16 — 20 Inclusive. However to obtain a broad band match, 
we must have a plot of the admittance function versus frequency 
in which all parameters remain fixed for that particular curve. 
Examples of such plots are given in Figures 21 through 26. 
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These admittance functions are the ones we must operate upon 
in accordance with the previous section in order to bring 
about a broad band match. Figures 27 through 30 illustrate 
the transformation of the admittance functions most suitable 
for a broad-band match. It should be noticed that capacitive 
or inductive iris matches can be accomplished equally well. 
Fig. 27 and 28 indicate that the dimensions of the iris must 
be held to close torerances, for a variation of o 03 cm will 
change the matching circle size by 15 percent. The location 
of the iris in the guide is not as critical. For example a 
variation of .18 cm made only a negligible change in the 
matching circle. Many of the cases previously examined have 
presented favorable admittance functions which permitted 
matching. Fig. 31, a more typical case, is one that cannot 
be matched. This is because the series of points determined 
by the admittance function have a phase spacing which upon 
rotation cannot be concentrated near the unity conductance 
circle. 
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CONCLUSION 


The writer has shown in the preceding pages a method by 
which the problem of matching a helix to a rectangular wave 
guide may be accomplished. It is believed that this work 
could be completed in a period of about two months by one 
person. This is not to imply that the problem is possible 
of solution; however, it is felt that if it is possible of 
solution by this technique, it oould be accomplished in this 
time. If the problem is not solvable, this would be revealed. 

Some of the difficulties of this method are: 

1. The relatively crude nature of the apparatus pre¬ 
vented precise measurements. 

2. An examination of Fig. 23 will show that a small 
percentage change in frequency gave rise to abrupt jumps in 
the value of the admittance function. This casts some doubt 
as to the value of the function between these jump points. 

3. The great labor involved in obtaining a single set 
of data. (It was not unusual to spend as much as eight hours 
obtaining a set of points.) 

Some of these difficulties could largely be overcome. 

For example the use of a micrometer arrangement of some sort 
to measure post height directly and a similar arrangement for 
measurement of the shorting plunger are two of several re¬ 
fined measuring techniques that will appeal to the reader* 

A swept frequency generator with continuous coverage over 
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the band desired should be designed to determine if there are 
radical departures from measured values. This would entail 
building an automatic recording device to ensure that accepta¬ 
ble values were obtained at every frequency in the band. The 
writer has in mind a device that uses a non-frequency sensitive 
traveling probe attached to which are trough and peak read¬ 
ing volt meters. A recording drum would be rotated in steps 
synchronously with step changes in frequency. The steps would 
be as small as found necessary or could be continuous provided 
the probe sweep rate were relatively high. Thus for a small 
increment in frequency the probe would travel the length of 
its path and give a peak and trough reading. On this same 
recorder would be indicated the location of the maximum and 
minimum voltage positions in terms of probe positions. 
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